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® IMethod for detecting a target polynucleotide In a sample using a background reducing reagent and 
composition and Ut comprising such a reagent 



© The present Invention provides a method for detecting the presence of a target polynucleotide In a sample. 
The method comprises the steps of (a) contacting the sample under hybridizing conditions with (1) a single- 
stranded polynucleotide probe capable of hybridizing to the target polynucleotide and comprising a poly- 
nucleotide and at least one intercalating molecule attached to a nucleotide of the polynucleotide by means of a 
linker arm. and (ii) a fc)acl(ground-reducing reagent which chemically modifies the Intercalating molecule when 
ttie prot>e to which it is attached is single-stranded; and (b) detecting a property change resulting from the 
intercalation of ttie Intercalating molecule into a target-probe hybrid, thereby detecting the target polynucleotide. 
The intercalating molecule which is part of the polynucleotide probe induces a change in a property, in either the 
probe, the target ix)lynucleotide or a target-probe hybrid. The property change can be detected, for example, by 
means of a generated signal which can be identified or quantified. The present invention can be employed In a 
heterogeneous (two step or two phase) assay using a support to immobilize the target or probe, and a washing 
step, and In a homogeneous (one step or one phase) assay using a hybridization solution. Also provided are a 

^ composition and a nucleic add hybridization kit useful fbr detecting the presence of a target polynucleotide in a 

^ sample. 
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This invention provides a method for detecting the presence of a target polynucleotide In a sample by 
employing a background reducing reagent which reduces the signal generated by unhybridlzed background 
material. This invention also provides a composition and a nucleic acid hybridization kH using such a 
background reducing reagent. 

5 Polynucleotide hybridization assays using a polynucleotide probe for verifying the presence of a target 
polynucleotide analyte are well known in the art. Hybridization is based on complementary base-pairing 
between target and probe sequences. The quantity of the polynucleotide probe, as compared to the target 
polynucleotide, is in excess with ratios of 6:1 of probe per target, or greater being employed conventionally. 
Furthermore, tiie amount of the probe which hybridizes to tt)e target is typically a fraction. 0.1%. Therefore, 

10 it is very desirable to quench the fluorescence of the unhybridized probe so that minute quantities of the 
polynucleotide probe hybridized to the target can be accurately detected. 

In U.S. Application Serial No. 808,757. a homogeneous assay method is disclosed In which a 
polynucleotide probe is used to detect tiie presence of a target polynucleotide in a sample. Much of the 
contents of Serial No. 808,757 has already been published. See, e.g., corresponding European Patent 

15 Application Publication No. 231.495, published on August 12, 1987. 

TTie disclosed probe comprises a polynucleotide and at least a first entity and a second entity. Tlie first 
entity is attached to a first nucleotide of tiie polynucleotide by means of a linker ami, separated by about 
ten nucleotides from ttie second entity which is attached to a second nucleotide, also by means of a linker 
arm. Upon hybridization of tiie probe to the target polynucleotide, tiie entities, by virtue of their characteris- 

20 tics, e.g., the ability to Intercalate into a target-probe hybrid, provide for a property change in either the 
probe, tiie target, or both. The change in property can be detected by appropriately measuring an 
associated signal, e.g.. radiation emission, interaction of molecular dispersion forces, such as melting 
temperature, and buoyant density. 

It has now been discovered that the signal Intensity in a hybridization assay can be signrficantiy 

25 enhanced by contacting the hybridization reaction mixture with a background- reducing reagent which 
chemically modifies the intercalating groups, e.g.. of an aromatic dye. when the probe to which tiiese 
intercalating groups are attached remains unhybridized to target. By modifying the intercalating groups in 
tilts way. interfering signal from the unhybridized single-stranded probe can be reduced signlflcantiy. if not 
altogettier eliminated. 

30 The present invention provides a mettiod for detecting the presence of a target polynucleotide in a 
sample. The metiiod comprises ttie steps of (a) contacting tiie sample under hybridizing conditions with (i) 
a single-stranded polynucleotide probe capable of hybridizing to tiie target polynucleotide and comprising a 
polynucleotide and at least one intercalating molecule attached to a nucleotide of the polynucleotide by 
means of a linker ann, and (ii) a background-reducing reagent which chemically modifies the intercalating 

3S molecule when tiie probe to which it is attached is single-stranded: and (b) detecting a property change 
caused by the Intercalation of ttie intercalating molecule into a target-probe hybrid, tiiereby detecting the 
target polynucleotide. The intercalating molecule which is part of tiie polynucleotide probe induces a 
change In a property in either tiie probe, ttie target polynucleotide or a target-probe hybrid. The property 
change can be detected, for example, by a signal which can be identified or quantified. 

40 The present invention provides a composition comprising a single-stranded polynucleotide probe having . 
at least one moiety witti the structure 




wherein B represents a base selected from ttie group consisting of pyrimidines, purines and deazapurines. 
provided ttiat whenever B comprises a pyrimidlne. ttie sugar in ttie base is attached to ttie position of 
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the pyrimtdine. and whenever B is a purine or a deazapurine. the sugar is attached to the -position of the 
purine or deazapurine. As depicted in the above structure. IM represents an intercalating moiecule» LA 
represents a iinlcer arm comprising at least three caHbon atoms and is attached covalently or non-covalently 
to the intercalating molecule and S represents a background-reducing reagent which modifies the Inter- 
5 calating molecule when the probe attached thereto is single-stranded. 

A nucleic acid hybridization kit for detecting the presence of a target polynucleotide in a sample Is also 
provided by the present invention. The kit comprises in one or more containers (1) a single-stranded 
polynucleotide probe capable of hybridizing to the target polynucleotide, and comprising a polynucleotide 
and at least one intercalating molecule attached to a nucleotide of the polynucleotide by means of a linker 

10 arm. The intercalating molecule induces a change in a property in either said probe» said target 
polynucleotide or a target-probe hybrid, which property change can be detected. e.g.. identified or 
quantified tiirough a generated signal. The kit also comprises (2) a background-reducing reagent which 
modifies the intercalating molecule when the probe to which the Intercalating molecule is attached is single- 
stranded. As an optional component, tiie kit comprises (3) an inactivator which renders the background- 
's reducing reagent inactive so that no further modification of the intercalating molecule can occur. 

The present invention provides a method, a composition and a hybridization kit for detecting the 
presence of a target polynucleotide in a sample. As used herein, the term "sample" refers to those 
materials on which tests are performed, and includes biological, physiological, industrial, environmental and 
other types of sojids and liquids. Of particular interest are biological tissues, such as organ or 

20 musculoskeletal specimens or biopsies, cervical and peritoneal specimens or lavages and the like, and 
fluids, such as serum, plasma, urine, cerebrospinal fluid, saliva, milk, broth, and other culture media and 
supematanis as well as fractions of any of them. Physiological fluids of interest include infusion solutions, 
buffers, preservative or antimicrobial solutions and the like. Industrial liquids include fermentation media and 
other processing liquids used, for example, in the manufacture of pharmaceuticals, dairy products and malt 

28 beverages. Other sources of sample fluids which are tested by conventional metttods are also encom* 
passed by this term and can be assayed in accordance with the invention. 

The tanrns "target polynucleotide' or "target" refer to any nucleic-acid containing substance whose 
presence or absence is to be qualitatively or quantitatively determined in a sample. The mettiod of tiie 
present Invention can^be applied to the detection of target oligo- or polynucleotides (or a portion tiiereof) 

30 which are at least partially present in single-stranded form or can be made at least partially single-stranded. 
The analyte, in functional terms, is usually selected from a naturally occurring or synthetic RNA or DNA for 
which a complementary nucleic acid exists or can be prepared. 

The ternis "polynudeofide probe" or "probe" refer to any nucleic add-containing compound or 
composite capable of recognizing a particular nucleic acid sequence in preference to other substances. In 

35 the majority of embodiments, tiie probes will be DMA hybridization assay oligo- or polynucleotide probes, 
such as those specific for disease-causing organisms. For examples of such probes, see the product 
catalog for Enzo Diagnostics, Inc., an Ehzo Biochem Company, 1988. 

The tenms "linker arm," "linkage group." "linker" and the like refer to any of the well known bonds or 
compounds useful in Joining functional groups and which do not substantially interfere wftti the characteristic 

40 properties or functions of the functional groups so joined. Examples of linker arms useful In the present 
Invention include those described for this purpose In Ward et al.. U.S. Patent No. 4,711,955; 
Stavrianopoulos, U.S. Patent No. 4.707,352; and Stavrianopoulos, U.S. Patent No. 4,707,440. as well as 
pending U.S. Application Serial No. 394.284. 

The ternis "intercalating molecule," "intercalator." "intercalating dye," "intercalating agent" and the Dke 

46 refer to those species, which in the presence of double-stranded polynucleotides, can position themselves 
between two adjacent base-pairs in the double strands, and further interact wWt the base-pairs of the double 
strand. The hybrids can be DNA/DNA. DNA/RNA, or RNA/RNA. The characteristic of the intercalating 
molecule or agent is its ability to intercalate into a polynucleotide hybrid, such as a hybrid fttrmed between 
a target polynucleotide and a polynucleotide probe. 

50 Generally, the intercalating agents are aromatic dyes. In order to intercalate into the double strands, 
these compounds require at least five conjugated bonds. These intercalating aromatic dyes have a planar 
ring structure and a distinct radiation emission, e.g., fluorescence, spectra. The emission. e.g., fluorescence 
emission. Is Indicative of the electron delocalization of tiie intercalating agent, and Is affected by the 
Inductive effect of substituent groups attached to the dye and by quenching agents. For a further discussion 

66 of intercalation and Intercalating drugs and dyes, see Principles of Nucleic Acid Structure . Saenger, W., 
Springer- Veriag. Charies Cantor editor. New Yoric. 1983. chapter 16. pp. 350-367. 

When the intercalating molecule is dissolved In an aqueous or aqueous/brganlc solution, It is believed 
that tiie water In the solution signlficantiy quenches the fluorescence of the dlsso^ed Intercalating molecule 
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by raising the ground-energy-state of the molecule to a level higher than when the molecule Is in an organic 
medium. If the intercalating molecule intercalates into a polynucleotide hybrid, the molecule becomes 
shielded from the water. Shielding occurs because the hybrid contains a relatively hydrophobic interior (the 
bases) and a hydrophilic exterior (the phosphates). Water thus aggregates at the exterior of the hybrid, and 

5 not at the interior. Because the fluorescence emission of the intercalating molecule is no longer quenched 
by the water, the ground-energy-state shifts to a lower energy level, and the result is that the fluorescence 
emission maximum shifts to a longer wavelength. The fluorescence intensity of the intercalating molecule, 
upon intercalation, is also enhanced many fold. This shift in fluorescence emission and intensity is thus a 
property change that is generated by the intercalating molecule only upon hybridization of the poly- 

TO nucleotide portion of the polynucleotide probe to the target polynucleotide. 

As described In Serial No. 808,757. a single-stranded polynucleotide probe comprising a polynucleotide 
and at least one Intercalating molecule attached to a nucleotide can be employed to detect a target 
polynucleotide In a homogeneous or one-step assay. Upon hybridization of the polynucleotide portion of the 
polynucleotide probe to the target polynucleotide to form a target-probe hybrid, the intercalating molecule 

15 intercalates into a groove of the thus formed target-probe hybrid in between stacked base-pairs. This 
intercalation results in a shift in tiie fluorescence emission and intensity of tiie intercalating molecule. 

The term "background-reducing reagent" refers to ttiat class of compounds which are capable of 
chemically modifying the atx)ve-described Intercalating molecule when the polynucleotide probe to which it 
is attached is in single-stranded form. i.e.. unhybridized to any target polynucleotide. By modifying the 

so intercalating molecule in this way. tiie background-reducing reagent minimizes or substantially eliminates 
any interfering signal which might be generated by the unhybridized single-stranded DNA probe labeled 
witii the intercalating (but not intercalated) molecule. 

The present invention provides a method for detecting the presence of a target polynucleoti'de In a 
sample comprising the steps of: (a) contacting said sample under hybridizing conditions with (i) a single- 

2s stranded polynucleotide probe capable of hybridizing to said target polynucleotide said probe comprising a 
polynucleotide and at least one intercalating molecule attached to a nucleotide of said polynucleotide by 
means of a linker arm. wherein said intercalating molecule induces a change in a property in either said 
probe, said target polynucleotide or both, and C'i) a background-reducing reagent which chemically modifies 
said intercalating molecule when the probe attached thereto Is single-stranded; and (b) detecting said 

30 property change, thereby detecting said target polynucleotide. The mettiod can also be carried out by 
treating tiie target polynucleotide in tiie sample so as to render it in substantially single-stranded form prior 
to contacting the sample with the polynucleotide probe. 

In anottier aspect of this metiiod, a furtiier step of adding an inactivator to tiie hybridizing reaction 
mixture can be perfomied which will render tiie background-reducing reagent inactive prior to detection of 

36 ttie property change. The Inactivator worics in the following manner In accordance witii tiie present 
Invention. The intercalating molecule is always in equilibrium between being bound to ttie double helix and 
in free form outside of the double helix. In the case where tiie intercalating molecule Is outside of the 
double helix, it will t>e inactivated by the background-reducing reagent To prevent a decrease in the signal 
e.g., fluorescence, due to reaction witii the background-reducing reagent, and t>ecause the reaction of the 

40 reagent with tiie unbound ethidium (not intercalated) is a very fast reaction, it is useful after a certain period 
of time following hybridization to inactivate the background-reducing reagent. This is achieved by reacting it 
wfth a primary amine which forms a linear triazine, or using a diazo compound in the case of aromatic 
amines, or phenols which form diazo compounds. Merely by way of example, the Inactivator can be 
selected from any of the group consisting of aliphatic primary amines, an aromatic phenol and an aromatic 

45 amine, or a combination of any of the foregoing. Among the aliphatic primary amines suitable as 
inactivators are the following: glycine, alanine, arginine. asparagine, aspartic acid, cysteine, cystine, 
glutamic acid, glutamine, histidine, hydroxylysine. isoleucine. leucine, lysine, metiilonine. serine, threonine 
and valine, or a combination of any of the foregoing. All of these amines are widely available from a number 
of commercial sources. Preferred as an inactivator In this Invention is glycine and histidine. Among suitable 

60 activators selected from phenols and aromatic amines are aniline, phenol and naphtiiol. 

The property change which results from Intercalation of ttie double-stranded nucleic acid by ttie 
Intercalating molecule takes a number of diverse fbnms. For example, ttie radiation emission of ttie hybrid 
will change as a result of intercalation. A particularly useful feature in ttils respect Is radiation emission in 
the form of fluorescence, which can be conventionally measured using, for example, fluorometers which are 

65 wkJely available in the art Antong ottier changes in property which occur as a result of intercalation are 
Interactions of molecular dispersion forces, buoyant density, melting temperature, and helical length, or a 
combination of any of ttie fbregoing property changes. Especially preferred property changes are ttiose 
which generate a detectable signal. e.g., fluorescence. 
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It is not always necessary in practicing the present invention to bind the intercalating molecule to the 
polynucleotide probe. If an assay is being perfornned using both single-stranded target or sample and a 
single-stranded polynucleotide probe, the intercalating molecule need not be bound to the probe. Instead a 
free form of the Intercalating molecule could be used, which would intercalate into any target-probe hybrid. 

5 Intercalating molecules useful in the practice of the present invention comprise a number of com- 
pounds. These intercalating compounds include, for example, aromatic dyes selected from phenanthridines, 
acridines and anthrocyclines. or combinations thereof. Useful and even prefen^ed phenanthridines include 
etiiidium. propidium. dimidium and phenidium, or combinations thereof All are commercially available or 
can be manufactured using known methodology. Preferred is ethidium, available, for example from Sigma. 

10 St Louis. MO. When a diazonium salt is added to ethidium. e.g.. ethidium bromide, there are four possible ' 
points of attack by the diazonium salt as shown below: 



so 




Suitable members from the propidium group of compounds include, by way of illustration. 5-(4*-tfiiobutyl)- 
3,8-diamino-6-phenylphenamhridlne and 5-(3'-thiopropyl)-3,8-diamino-6-phenylphenanthridine. or a combina- 
tion thereof. Both are available from commercial sources. e.g.. Enzo Biochem. Inc.. New York. NY. Among 

30 the acridlne compounds useful in the practice of the present invention is acridine orange, available 
commercially, for example, from Rsher Chemicals. Fairlawn, NJ. 

The intercalating molecule is attached to at least one nucleotide in the polynucleotide probe by means 
of a linker arm, described above in U.S. Patent Nos. 4,711,955; 4,707,352; and 4,707.440. supra. The linker 
ami is typically attached to a base moiety of the polynucleotide probe, alttiough otiier pointsoT attachment 

38 can be used. The base can be selected from ttie group consisting of purines, pyrimidines and 
deazapurlnes, or combinations thereof. In the case of purines, these can comprise adenine or guanine. The 
tinker arm is attached to the Siwsition or exocyclic 6-amino position when the purine comprises adenine, or 
to the Srposition when the purine comprises guanine. Where the base comprises a deazapudne, the linker 
ami can be attached to the 7 or apposition of the base. Furthemiore, in the case of pyrimidines, these 

40 comprise uracil or cytosine. The tinker arm is usually attached to the 5 or 6-po$ition when ttie pyrimkllne 
comprises uracil, or at the 5. 6. or exocyctic 4-amino position when the pyrimidine comprises cytosine. In 
ottier embodiments, the Hnker anm comprises at least 3 carbon atoms and further comprises a double bond 
at an alpha position relative to the base. By way of example, the linker arm can be selected from any of the 
following stnjctures: 

45 

-CH = CH-CHa-NH- , -CH = CH-CH2-S- , and -CH = CH-CH2-O-CH2-CH2-NH- 

Preferred is the case where tiie linker arm comprises allyiamine. especially where the allylamine is attached 
to ttie 5-position of uracil. 

60 The linker amn can be attached to the base moiety in one fragment or it can be synttiesized by first 
attaching a first fragment to the base, and then attaching a second fragment to the first fragment. Such 
fragments are described in ttie aforementioned U.S. Application Serial No. 808,757. 

Compounds which can be used as background-reducing reagents in accordance witti ttie instant 
invention include a number of members which comprise ttie diazonium salts. Suitable diazonium salts are 

55 ttie following: 4-nitrobenzenediazonium salts and derivatives ttiereof. Preferred is 4-nitrodiazonium salt In 
ottier preferred aspects, ttie 4-nitrodlazonium salt can be halogen substituted, for example, by chtorine or 
bromine, or a combination ttiereof. In ttie case where ttie diazonium salt is chlorine substituted, especially 
useful are ttie foltowing: 3-chloro-4-nttrobenzenediazonium salt, 3.5-dichloro-benzenediazonlum salt 2.6- 
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dichloro-benzenediazonium salt, 2,3.5,6-tetrachloro-benezenedjazonium sart. 3.5.6-trichIoro-ben- 
zenediazonium salt, 2.3,5-trichloro-l)enzenedlazonium satt and 2,3,6-trichloro-benzenedlazonlum salt, or a 
combination of any of the foregoing. These derivatives can be prepared by reducing 4-nitroaniline (available 
from Aldrich Chemicals, Milwaukee, Wl) to an amine and subsequent diazotization with nitrous acid in 

5 aqueous (50%) OMSO. 

This invention further provides a method for detecting the presence of a target polynucleotide in a 
sample comprising the steps of: a) contacting the target polynucleotide with (i) a single-stranded poly- 
nucleotide probe, which probe comprises a polynucleotide and at least a first intercalating molecular entity 
and a second intercalating molecular entity. The first intercalating molecular entity is attached to a first 

10 nucleotide of the polynucleotide by means of a first tinker amn. and the second intercalating molecular entity 
is attached to a second nucleotide by means of a second linker arm. The first and said second nucleotides 
are separated by a number of nucleotides sufficient for the provision of target specificity to the poly- 
nucleotide. The Intercalating molecular entities induce upon hybridization of the polynucleotide probe to the 
target polynucleotide, a change in a property either in the polynucleotide probe, in the target poly- 

f6 nucleotide, or in both. The contacting step also includes the addition of Oi) a background-reducing reagent 
which chemically modifies the intercalating molecular entities when the probe attached tiiereto is single- 
stranded. The method further comprises b) forming a hybrid comprising the polynucleotide probe and the 
target polynucleotide: iand c) detecting the presence of the target polynucleotide by means of tiie property 
change. Furtiier embodiments of the components and elements used in the aforementioned method are 

20 described earlier in tills application, or are described in Serial No. 808,757. 

The method described In tills invention can be employed in botii heterogeneous (two phase or two 
step) assays and homogeneous (one phase or one step) assays. In ttie case of the former, a solution of the 
polynucleotide prolje bound witii the Intercalating molecule is added onto a solid support to which ttie 
sample or target polynucleotide has been attached. Following hybridization between tiie probe and target, 

26 the support is washed to further remove any unhybridized probe, and thereafter tiie background reducing 
reagent is added to "kill" fluorescence from the non-hybridized probe. This can be followed by further 
washing, if desired, or washing can be eliminated altogether. In any case, in tiie two phase reaction system, 
following hybridization between target and probe, tiie excess probe witii tiie intercalating (but not inter- 
calated) molecule bound thereto is inactivated (quenched) by the addition of tiie background-reducing 

30 reagent After washing, signal intensity, or some other property change is determined, which indicates ttie 
presence of target Alternatively, tiie polynucleotide probe witti tiie attached intercalating molecule can be 
feed to a solid support and a solution containing the target polynucleotide can be added to tiie support to 
effectuate hybridization between the target and probe. The background-reducing reagent can tiien be added 
to the support shortly after hybridization between the probe and any target contained in ttie sample. 

3S tt has been found that when an Intercalating molecule, such as etiildium bromide, is attached to a 
single-stranded polynucleotide probe, there Is a significant enhancement In signal generation, measured 
convenlentiy as fluorescence, over the free ethidlum unbound In solution after a background-reducing 
reagent is added to the reaction solution. Moreover. It has been found ttiat when the etiildium is bound and 
Intercalated Into double-stranded DNA, there is a further significant enhancement of signal, using a 

40 background-reducing reagent In accordance witii tiiis invention. Taking ttiese two observations togetiier. it is 
estimated that by employing a background-reducing reagent to chemically modify an intercalating molecule 
attached to a single-stranded polynucleotide probe, ttie decrease In Interfering signal from non-specific 
material. e.g.. unhybrklized single-stranded probes, can be as high as 10,000 over ttie conventional assay. 
The present Invention provides a composftlon comprising a single-stranded polynucleotide probe having 

45 at least one moiety witti ttie structure 
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wherein B represents a base selected from the group consisting of pyrimidines, purines and deazapurines, 
provided that whenever B comprises a pyrimldine, the sugar in the base Is attached to the N^-position of 
the pyrimidine. and whenever B is a purine or a deazapurine, the sugar is attached to the -position of the 
purine or deazapurine. Furthermore, in the above composition, IM represents an intercalating molecule. LA 

20 represents a linker arm comprising at least three cartxjn atoms and is attached covalently or non-covalently 
to the Intercalating molecule, and S represents a background reducing reagent which modifies the 
intercalating molecule when the probe attached thereto is single-stranded. Ail of these moieties in the above 
composition have been described hereinatx)ve. 

The present invention further provides a nucleic acid hybridization kit for detecting the presence of a 

25 target polynucleotide in a sample. The kit comprises In one or more containers or In packaged combination 
the following: <1) a single-stranded polynucleotide probe which is hybridizable to the target polynucleotide. 
The probe comprises a polynucleotide and at least one intercalating molecule attached to a nucleotide of 
the polynucleotide by means of a linker arm. The intercalating molecule induces a change in a property In 
either the probe, the target polynucleotide or both; and (2) a background-reducing reagent which modifies 

30 the Intercalating molecule when ttie probe attached tttereto is single-stranded. Optionally included in this kit 
is (3) an inactivator which renders the background-reducing reagent inactive. The components and elements 
of ttiis kit have been described hereinabove. 

The examples which fbllow are set forth to illustrate various aspects of the present Invention but are not 
intended to limit In any way its scope as more particularly set forth in the claims. 



EXAMPLE 1: Comparison of emission between singlMtranded DNA bound with ethidium bromide 
and an Intercalated DNA/RNA hybrid. 

In this example, a comparison was made In tenns of fluorescence emission between single-stranded 
40 DNA containing intercalated molecules and a double-stranded ONA/RNA hybrid. A standard Dl^ solution 
was formulated (10 oo/260 nm) which contained 30 mer thymidine in which every fourtii nucleotide was 
labeled witti etttldium bromide. 20 ul from ttte solution was removed and combined with 0.1 molar sodium 
acetate buffer at pH 7.0. 5 ul of 0.1 molar diazonium salt prepared by conventional mettiodology. The 
diazonium salt was prepared from 4-nitroanilIne (Aldrich Chemicals. Milwaukee, Wl) which was reduced to 
45 tt)e corresponding amine, and subsequentiy diazotized witii nitrous acid in 50% (aqueous) DMSO. The 
reaction was allowed to proceed for five minutes after which time fluorescence was measured under an 
ultraviolet lamp using a UV lamp from UVP. Inc.. San Gabriel. CA 9177a Altematively. fluorescence coukj 
be measured witti a fiuorimeter. e.g., Peridn-Elmer. South Plalnfleld, NJ, if equipped witti tiie proper UV 
lamp. Ruorescence In ttie reaction mixture was observed to disappear during the five minute waiting period. 
60 20 ul from ttie same standard DNA solution was taken, placed In 0.1 molar sodium acetate buffer (pH 
7.0) and combined witti an equWalent molar amount of poiyribonucleic (polyA) add. 5 ui of ttie 0.1 molar 
diazonium salt used in ttie first part of tills example was ttien added to ttie reaction mixture. Fleaction was 
allowed to proceed for five minutes after which time fluorescence was observed to persist in ttie reaction 
mbeture. 

65 The results of ttils example demonstrate ttiat Intercalation of ettiidium bromide into a double-stranded 
nucleic acid prevents chemteal modification by ttie diazonium salt. The protection of ttie Intercalating 
molecule by ttie doubie-stranded nucleic acid Is evidenced by ttie persistence of fluorescence in the 
reaction mixture containing ttie diazonium salt and ttie double-stranded DNA/RNA hybrid where ttie 
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ethidium bromide of the DNA strand intercalates into the double helix. Another class of compounds which 
intercalates into double-stranded helices are the acrtdines. Acrldine orange was used in this next example to 
investigate the behavior of this particular aromatic dye against the reaction with a background-reducing 
reagent 

5 

EXAMPLE 2: Comparison between double-stranded DNA Intercalated with acrldine orange and 
unbound acrldine orange (free In solution). 

In this example, acridine orange was employed as an Intercalating molecule to Illustrate the differences 
10 between the unbound intercalating molecule (free in solution) and double-stranded DNA which Is inter- 
calated with the molecule. 

0.1 mg per ml of calf thymus double-stranded DNA was combined with traces of acridine orange (in 
sodium acetate buffer, pH 7.0). The acridine orange was obtained from Rsher Chemicals, Falrlawn, New 
Jersey. After the addition of the acridine, an intensive yellow fluorescence appeared in the reaction mixture. 

16 As a control, a tube was set up without the aforementioned ONA using traces of acridine orange In 
sodium acetate buffer, pH 7.0. To the buffered solution was added 5 ul of 0.1 molar of the diazonium salt, 
p-nitrobenzenediazonium chloride, which was prepared by reducing 4-nitroaniline (Aldrich Chemicals. 
Milwaukee, Wl) to an amine and subsequent dlazotlzation with nitrous acid in aqueous 50% OMSO. 

Reaction was allowed to proceed for five minutes and fluorescence was observed In the reaction 

20 solution. After the addition of the diazonium salt, the fluorescence control disappeared, in contrast to the 
DNA containing solution where the fluorescence persisted. These observations indicate that as an inter- 
calating molecule, acridine orange is protected by the double-stranded DNA, and hints to the wide 
application of diazonium salts with fluorescent intercalators. 

26 Claims 

1. A method for detecting the presence of a target polynucleotide in a sample comprising the steps of: 

(a) contacting said sample under hybridizing conditions with (i) a single-stranded polynucleotide 
probe capable of hybridizing to said target polynucleotide, said probe comprising a polynucleotide 

30 and at least one intercalating molecule attached to a nucleotide of said polynucleotide by means of a 

linker arm, wherein said intercalating molecule induces a change in a property In either said protw, 
said target polynucleotide or both, and (ii) a background-reducing reagent which chemically modifies 
said intercalating molecule when the probe attached thereto is single-stranded; and 

(b) detecting said property change, tiiereby detecting said target polynucleotide. 

as 

Z The method of claim 1 wherein said target polynucleotide Is in double-stranded fonn and said method 
further comprises the step of rendering said target polynucleotide in substantially single-stranded fonm 
prior to said contacting step. 

40 a The mettiod of claim 1 or 2 further comprising the step of adding an Inactivator which renders said 
background-reducing reagent inactive prior to detecting the signal. 

4. The method of daim 3 wherein said inactivator is selected from the group consisting of an aliphatic 
primary amine, a phenol and an aromatic amine, or a combination of any of the foregoing. 

46 

6b The mettKXl according to any one of claims 1 to 4 wherein said property change Is selected from ttie 
group consisting of radiation emission, interaction of molecular dispersion forces, buoyant density, 
melting temperature and helical length, or a combination of any of ttie foregoing. 

60 & The mettiod according to any one of claims 1 to 4 wherein said property change comprises a signal. 

7. The mettiod according to any one of claims 1 to 6 wherein said Intercalating molecule comprises an 
aromatic dye. 

66 a The mettiod according to any one of claims 1 to 7 wherein said linker arm Is attached to a base moiety 
of said polynucleotide probe. 

a The mettiod of dalm 8 wherein said base is selected from ttie group consisting of purines, pyrimldlnes 
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and deazapurine, or a combination of any of the foregoing. 



10. The method of claim 8 or 9 wherein said linker arm comprises at least 3 cartx)n atoms. 



11. The method according to any one of claims 8 to 10 wherein said linker arm is attached to the t>ase 
moiety In one fragment 

12. The method according to any one of claims 8 to 11 wherein said linker arm is synthesized by first 
attaching a first fragment to the base moiety and then attaching a second fragment to the first fragment. 



ia The method according to any one of claims 1 to 12 wherein said backgroundreducing reagent 
comprises a diazonium salt 

14, A method for detecting the presence of a target polynucleotide in a sample comprising the steps of: 

a) contacting said target polynucleotide with (i) a single-stranded polynucleotide probe, said 
polynucleotide probe comprising a polynucleotide and at least a first intercalating molecular entity 
and a second intercalating molecular entity, wherein said first intercalating molecular entity is 
attached to a first nucleotide of said polynucleotide by means of a first linker arm, and said second 
intercalating molecular entity is attached to a second nucleotide by means of a second linker arm, 
said first and said second nucleotides being separated by a number of nucleotides sufficient for the 
provision of target specificity to said polynucleotide, said intercalating molecular entities inducing 
upon hybridization of said polynucleotide probe to said target polynucleotide, a change in a property 
ettiier in the polynucleotide probe, in the target polynucleotide, or in both; and Gi) a background- 
reducing reagent which chemically modifies said intercalating molecular entities when the probe 
attached thereto is single-stranded: 

b) forming a hybrid comprising said polynucleotide probe and said target polynucleotide: and 

c) detecting the presence of said target polynucleotide by means of said property change. 

15. A composition comprising a single-stranded polynucleotide probe having at least one moiety with the 
structure 




\ 

HO -p=0 
I 

0- 



whereln B represents a base selected from the group consisting of pyrimMines. purines and 
deazapurines, provided that whenever B comprises a pyrimidlne. the sugar in said base is attached to 
the N^-positipn of the pyrimldine, and whenever B is a purine or a deazapurine. the sugar is attached to 
the N'-position of the purine or deazapurine, wherein IM represents an intercalating molecule, LA 
represents a Unker arm comprising at least three carbon atoms and is attached covalentiy or non- 
covafentiy to said intercalating molecule, and S represents a background-reducing reagent which 
modifies said intercalating molecule when the probe attached thereto is single-stranded. 



16. The composition of claim 15 wherein said intercalating molecule comprises an aromatic dye. 

17. The composition of claim 15 or 16 wherein said background-reducing reagent comprises a diazonium 
salt 
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18. A nucleic acid hybridization kit for detecting the presence of a target polynucleotide in a sample, said 
kit comprising in one or more containers: 

(1) a single-stranded polynucleotide probe which is hybridzable to said target polynucleotide, said 
probe comprising a polynucleotide and at least one intercalating molecule attached to a nucleotide 
of said polynucleotide by means of a linker arm, wherein said intercalating molecule induces a 
change in a property in either said probe, said target polynucleotide or both; 

(2) a background-reducing reagent which modifies said intercalating molecule when the probe 
attached thereto Js single-stranded; 

optionally with 

(3) an inactivator which renders the background-reducing reagent inactive. 
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[0001] This invention provides a method for detecting the presence of a target polynucleotide In a sample b/ 
employing a background reducing reagent which reduces the signal generated by unhybridized background material. 
This Invention also provides a composition and a nudek; add hybridization kit using such a bacl^round redudng 
reagent 

[0002] Polynudeotide hybrklizatton assays using a polynudeotkJe probe for verifying the presence of a target 
potynudeotide analyte are well known in the art Hybridization is based on complementary base-pairing between 
target and probe sequences. The quantity of the polynudeotide probe, as compared to the target polynudeotide, is 
in excess with ratios of 6:1 of probe per target, or greater being employed conventionally. Furthemiore, the amount 
of the probe which hybridizes to the target is typically a fraction, 0.1%. Therefore, it is very desirable to quench 
the fluorescence of ttie unhybridized probe so that minute quantifies of the polynucleotide probe hybridized to the 
target can be accurately detected. 

[P003] In EP-Ar231 495 a homogeneous assay method is disdosed in which a polynudeotide probe is used to 
detect tile presence of a target polynudeotide in a sample. 

(00041 The disdosed probe comprises a polynudeotide and at least a first entity and a second entity. The first 
entity is attached to a first nudeotide of the polynudeotide by means of a linker arm, separated by about ten 
nudeotides from the second entity which is attached to a second nudeotide, also by means of a linker arm. Upon 
hybridization of the probe to the target polynudeotide, the entities, by virtue of their characteristics, e.g., the 
ability to Intercalate Into a target-probe hybrid, provide for a property change in either the probe, ttie target or 
both. The change In property can be detected by appropriately measuring an assodated signal, e.g., radiation 
emission, interaction of molecular dispersion forces, such as melting temperature, and buoyant density. 
[0005] It has now been discovered that the signal Intensity in a hybridization assay can be significantiy 
enhanced by contacting the hybridization reaction mixture with a background- redudng reagent which chemically 
modifies the intercalating groups, e.g., of an aromatic dye, v^en the probe to which these intercalating groups are 
attached remains unhybridized to target By modifying the intercalating groups in this way. interfering %nal from 
ttie unhybridized single-stranded probe can be reduced significantiy, if not altogether eliminated. 
[0006] WO 69702476 disdoses homogenous diagnostic assay methods and labels with reduced background noise 
and Increased detection sensitivity due to ttie drfferenoe in ttie degradation rates between labels on free probes and 
labels on hybridized probes. 

[0007] The present invention provides a mettiod for detecting ttie presence of a target polynudeotide in a 
sample. The mettiod comprises ttie steps of 

(a) contacting said sample under hybridizing conditions witti (i) a single^stranded polynudeotide probe capable 
of hybridizing to said target polynudeotide, said probe comprising a polynudeotide and at least one 
Intercalating molecule attached to a nudeotide of said polynudeotide by means of a linker arm. wherein upon 
hybridization of said probe to said target said intercalating molecule induces a detectable change in a property 
In eittier said probe, said target polynudeotide or botti, and (ii) a background-redudng reagent which chemically 
modifies said Intercalating molecule vyrhen ttie probe attached ttiereto is singl&^tranded in such a way ttiat any 
interfering signal from ttie unhybridized single stranded DMA probe is minimized or substantially eliminated; and 

(b) detecting said property change, ttiereby detecting said target polynucleotide. 



[POOq The present invention provMes a composition comprising a single-stranded polynudeotide probe having at 
least one moiety witti ttie stmcture 



wherein B represents a base selected from ttie group consisting of pyrimidnes. purines and deazapurines. provided 
ttiat whenever B comprises a pyrimidine, ttie sugar in said base is attached to ttie N^d-position of ttie pyrimkiine, and 
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whenever B is a purine or a deazapurine, the sugar is attached to the N*d-position of the purine or deazapurine, 
wherein IM represents an intercalating molecule which upon hybridization of the probe to its target Induces a 
detectable change In a property in either said probe, said target or both, LA represents a linlcer arm comprising at 
least three carbon atoms and is attached covalently or non-covalentty to said intercalating molecule, and S 
represents a background-reducing reagent which modifies said intercalating molecule when the probe attached thereto 
is single-stranded in such a way that any interfering signal from the unhybridized single stranded DNA probe is 
minimized or substantially eliminated. 

[0009] A nudeic add hybridization kit for detecting the presence of a target pofynudeotide In a sample Is 
also provided by the present invention. The kit comprises in one or more containers 

(1) a single-stranded polynucleotide probe which is hybridizable to said target polynucleotide said probe 
comprising a polynucleotide and at least one intercdating molecule attached to a nucleotide of saki 
polynudeotkJe by means of a (inker arm. wherein said intercalating molecule induces a change in a property in 
either said probes said target polynudeotide or both; 

(2) a background-redudng reagent which modifies said intercalating molecule when the probe attached thereto is 
single-stranded in such a way that any interfering signal from the unhybridized single stranded DNA probe is 
minimized or substantially eliminated; optionally with 

(3) an inactivator which renders the background-redudng reagent inactive. 



[0010] The present invention provides a method, a composition and a hybridization kit for detecting the presence 
of a target polynudeofide in a sample. As used herein, the term "sampje** refers to those materials on which tests 
are performed, and indudes biological, physiological, industrial, environmental and other types of solids and 
liquids. Of particular Interest are biological tissues, such as organ or musculoskeletal spedmens or biopsies, 
cervical and peritoneal spedmens or lavages and the like, and fluids, such as serum, plasma, urine, cerebrospinal 
fluid, saliva, milk, broth, and other culture media and supematants as well as fractions of any of them. 
Physlologteai fluMs of interest indude infusion solutions, buffers, preservative or antimicrobial solutions and 
the like. Industrial liquids indude fermentation media and other processing liquids used, for example, in the 
manufacture of pharmaceuticals, dairy products and malt beverages. Other sources of sample flukis which are tested 
by conventional methods are also encompassed by this term and can be assayed in accordance with the invention. 
[0011] The temis 'target polynudeotide" or "targeT refer to any nudeic-add containing substance whose 
presence or absence is to be qualitatively or quantitatively determined in a sample. The method of the present 
Invention can be applied to the detection of target oligo- or polynudeotides (or a portion thereof) which are at 
least partially present in single-stranded fbrm or can be made at least partially single-stranded. The analyte. In 
functional terms, is usually selected firom a nabrally occum'ng or synthetic RNA or DNA for whteh a complementary 
nudeic add exists or can be prepared. 

[0012] The terms "polynudeotide probe" or "probe" refer to any nudeic add-contalnlng compound or composite 
capable of recognizing a particular nudeic add sequence in preference to other substances. In the majority of 
embodiments, the probes will be DNA hybridization assay oligo- or polynudeotide probes, such as those specific for 
disease-causing organisms. For examples of such probes, see the product catalog for Enzo Diagnostics. Inc., an Enzo 
Biochem Company, 1988. 

[0013] The terms Tinker arm." Unkago group," Tinker" and the like refer to any of the well known bonds or 
compounds useful in joining functional groups and vt^lch do not substantially interfere witt> the characteristic 
properties or functions of the functional groups so joined. Examples of linker amis useful in ttie present Invention 
indude those described for this purpose in Ward et aL, U.S. Patent No. 4,711,955; Stavrianopoulos, U.S. Patent No 
4,707,352; and Stavrianopoulos, U.S. Patent No. 4,707,440. 

[0014] The ternis "intercalating molecule," "intercalator." "intercalating dye," "intercalating agenf and the 
like refer to those species, which in the presence of double^tranded polynudeotides, can position themselves 
between two adjacent base-pairs in the double strands, and further interact with the base-pairs of the double 
strand. The hybrids can be DNA/DNA. DNA/RNA. or RNA/RNA. The characteristic of the intercalating molecule or agent 
is its ability to intercalate into a polynudeotide hybrid, such as a hybrid formed between a target polynudeotide 
and a polynudeotide probe. 

(POiSl Generally, the Intercalating agents are aromatic dyes. In order to intercalate Into the double strands, 
these compounds require at least five conjugated bonds. These intercalating aromatic dyes have a planar ring 
structure and a distinct radiation emission, e.g., fluorescence, speeds. The emission, e.g.. fluorescence emission, 
is indicative of the electron delocalization of tiie intercalating agent, and is affected by the inductive effect of 
substituent groups attached to the dye and by quenching agents. For a further discussion of intercalation and 
intercalating drugs and dyes, see Prindoles of Nudeic Add Structure Saenger, W., Springer-Veriag, Charies Cantor 
editor. New York, 1983, chapter 16, pp. 350-387. 

[P016] When the intercalating molecule is dissolved In an aqueous or aqueous/brganic sdution, it is beUeved 
that the water in the solution significantiy quenches the fluorescence of the dissolved Intercalattng molecule by 
raising the ground-energy^e of the molecule to a level higher than when the molecule is In an organic medium. If 
the intercalating mdecule intercalates into a polynudeotide hybrid, the molecule becomes shielded from the water. 
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Shielding occuis because the hybrid contains a relatively hydrophobic interior (the bases) and a hydrophSic 
exterior (the phosphates). Water thus aggregates at the exterior of the hybrid, and not at the interior. Because the 
fluorescence emission of the Intercalating molecule is no longer quenched by the water, the ground-energy-state 
shifts to a lower energy level, and the result is that the fluorescence emission maximum shifts to a longer 
vravelength. The fluorescence intensity of the intercalating molecule, upon intercalation, is also enhanced many 
fold. This shift In 'fluorescence emission and intensity is thus a property change that is generated by the 
intercalating molecule only upon hybridization of the polynucleotide portion of the polynucleotide probe to the 
target polynucleotide. 

[0017] As described in EP-A-231 495, a single-stranded polynucleotide probe comprising a polynucleotide and at 
least one intercalating molecule attached to a nucleotide can be employed to detect a target polynucleotide in a 
homogeneous or one-step assay. Upon hybridization of the polynucleotide portion of the polynucleotide probe to the 
target polynucleotide to form a target-probe hybrid, the intercalating molecule intercalates Into a groove of the 
thus formed target-probe hybrid in between stacked base-pairs. This intercalation results in a shift in the 
fluorescence emission and intensity of the intercalating molecule. 

[0018] The term "background-reducing reagenf refers to that dass of compounds which are capable of chemically 
modifying the above-described intercalating molecule when the polynucleotide probe to v^ich it is attached is in 
single-stranded fonn, i.e., unhybridized to any target polynucleotide. By modifying the intercalating molecule In this 
vray, the background-redudng reagent minimizes or substantially eliminates any interfering signal v^ich might be 
aenerated t>y the unhybridized single-stranded DNA probe labeled with the intercalating (but not intercalated) 
molecule. 

[0019] The present invention provides a method for detecting the presence of a target polynucleotide In a sample 
comprising the steps of: (a) contacting said sample under hybridizing conditions (I) a single-stranded 
polynucleotide probe capable of hybridizing to said target polynucleotide, said probe comprising a polynucleotide 
and at least one intercalating molecule attached to a nucleotide of said poiynudeotide by means of a linker arm, 
wherein said intercalating molecule induces a change in a property in either sakf probe, said target poiynudeotide 
or both, and (ii) a background-redudng reagent which chemically modifies said intercalating molecule when the probe 
attached thereto is single-stranded; and (b) detecting said property change, thereby detecting said target 
poiynudeotide. The method can also be carried out by treating the target poiynudeotide In the sample so as to 
render it in substantially single-etranded form prior to contacting the sample with the poiynudeotide probe. 
[0020] In another aspect of this method, a further step of adding an inactivator to the hybridizing reaction 
mixture can be performed which will render the background-redudng reagent inactive prior to detection of the 
property change. The Inactivator works in the following manner in accordance with \he present invention. The 
intercalating molecule is always in equilibrium between being bound to the double helix and In free fomi outside of 
the double helix tri the case where the intercalating molecule is outside of the double helix, it will be 
inactivated by the background-redudng reagent To prevent a decrease in the signal e.g.. fluorescence, due to 
reaction with the background-redudng reagent and because the reaction of the reagent with the unbound ethMium 
(not intercalated) is a very fast reaction, It is useful after a certain period of time following hybridization to 
inactivate the background-redudng reagent This is achieved by reacting it with a primary amine which forms a 
Dnear triazine, or using a diazo compound in the case of aromatic amines, or phenols which form diazo compounds. 
Merely by way of example, the inactivator can be selected from any of the group consisting of aliphatic primary 
amines, an aromatic phenol and an aromatic amine, or a combination of any of the foregoing. Among the aliphatic 
primary amines suitable as inactivators are the following: gtydne, alanine, arginine, asparagine, aspartic add, 
cysteine, cystine, glutamic add, glutamine. histidine, hydroxylysine, isoleudne. leudne. lysine, methionine, 
serine, threonine and valine, or a combination of any of the foregoing. All of these amines are widely available 
from a number of commerdal sources. Preferred as an inactivator In this invention is glydne and histidine. Among 
suitable activators selected from phenols and aromatic amines are aniline, phenol and naphthol. 
[0021] The property change which results from intercalation of tiie double-stranded nudeic add by the 
intercalating molecule takes a number of diverse forms. For example, the radiation emission of the hybrid wiD 
change as a result of intercalation. A particularty useful feature in this respect is racSation emission in the form 
of fluorescence, which can be conventionally measured using, for example, fluorometers v/hldh are widely available In 
the art Among other changes in property which occur as a result of intercalation are interactions of molecular 
dispersion forces, buoyant density, melting temperature, and hellcat length, or a combination of any of the 
foregoing property changes. Espedally prefenred property changes are those which generate a detectable signal, e.g.. 
fluorescence. 

[0022] It is not always necessary in practidng the present invention to bind the intercalating molecule to the 
poiynudeotide probe. If an assay Is being performed using botii single-stranded target or sample and a single- 
stranded poiynudeotide probe, the intercalating molecule need not be bound to the probe. Instead a free form of the 
intercalating molecule could be used, which would intercalate Into any target-probe hybrid. 

[0023] Intercalating molecules useful in the practice of the present invention comprise a number of compounds. 
These intercalating compounds indude, for example, aromatic dyes selected from phenanthridines. acridines and 
antiirocydines, or combinations thereof. Useful and even preferred phenanthridines indude ethkfium, propldium. 
dimidium and phenldium. or combinations thereof. All are commerdally available or can t>e manufactured using known 
methodology. Preferred is ethidium, available, for example from Sigma. St Louis. MO. When a diazonium salt is added 
to ethidium, e.g., ethidium bromide, there are four possible points of attack by the diazonium salt as shown below. 
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[p024] Suitable members from the propidium group of compounds include, by way of lilustratlon. 5-{4'-thlobutyf)- 
3.Miamino-6-phenylphenanthridlne and 5-{3*-thiopropyl)-3.8-diamino-6-pheny1phenanthridine. or a combination 
thereof. Both are available from commercial sources. e.g., Enzo Biochem. Inc.. New York, NY. Among the acricfine 
compounds useful in the practice of the present Invention is acridine orange, available commercially, for example, 
from Fisher Chemicals. Fairiawn, NJ. 

[0025] The intercalating molecule is attached to at least one nucleotide in the polynucleotide probe by means of 
a linker ami, described above in U.S. Patent Nos. 4,711,955; 4,707,352; and 4,707,440, supra. The linker arm is 
^rpicaOy attached to a base moiety of the polynucleotide probe, although other points of attachment can be used. 
The base can be selected from the group consisting of purines, pyrimidines and deazapurines, or combinations 
thereof. In the case of purines, these can comprise adenine or guanine. The linker arm is attached to the 8-position 
or exocydic 6-amino position when the purine comprises adenine, or to the 8-posrtion when the purine comprises 
guanine. Where the base comprises a deazapurine. the linker arm can be attached to the 7 or 8-position of the base. 
Furthermore, In the case of pyrimkJines, these comprise uracil or cytosine. The linker ann is usualV attached to 
the 5 or 6-positk)n when the pyrimkfine comprises uracil, or at the 5. 6, or exocydic 4-amino position when the 
pyrimidine comprises cytosine. In other embodiments, the linker arm comprises at least 3 cartx)n atoms and further 
comprises a double bond at an alpha positk>n relative to the basa By way of example, the linker arm can be selected 
from any of the following structures: 

-CH=CH-CH2-NH-, -CH=CH-CHrS- . and 
-CHsCH-CHj-OChVCHj-NH- 



[0026] Preferred is the case where the Bnker arm comprises aOytamine, espectaOy where the aflylamlne is 
attached to the 5-position of uracil. 

[0027] The linker arm can be attached to the base moiety In one fragment, or it can be synthesized by firet 
attaching a first fragment to the base, and then attaching a second fragment to the first fragment Such fragments 
are described In the aforementtoned EP-A-231 495. 

(0028] Compounds which can be used as background-redudng reagents in accordance with the Instant invention 
indude a number of members which comprise the diazonium salts. Suitable diazonium salts are the following: 4- 
nitrobenzenedlazonium salts and derivatives thereof. Preferred is 4-nitrodiazonium salt In other prefen-ed aspects, 
the 4-nitrodiazonium salt can be halogen substituted, for example, by chlorine or bromine, or a combination thereof. 
In the case where the diazonium salt is chlorine substituted, espedaDy useful are the following: 3-chloro-4- 
nitrobenzenediazonium salt, 3,5-dichlorobenzenediazonium salt, 2,6-dichloro-benzenediazonlum salt, 2.3,5,6- 
tetrachloro-benezenedlazonlum salt, 3,5.6-trichlorobenzenedlazonlum salt, 2,3,5-trichloro-benzenediazonium salt 
and 2,3,6-trichloro-benzenediazonium salt, or a combination of any of the foregoing. These derivatives can be 
prepared by redudng 4-nitroanlline (available from Aldrich Chemicals, Milwaukee, Wl) to an amine and subsequent 
diazotization with nitrous add in aqueous (50%) DMSO. 

[0029] This invention further provides a metiiod for detecting the presence of a target polynudeotide in a 
sample comprising the steps of: a) contacting the target polynudeotide with (t) a single-stranded polynudeotide 
probe, which probe comprises a polynudeotide and at least a first Intercalating molecular entity and a second 
intercalating molecular entity. The first Intercalating molecular entity is attached to a first nudeotide of the 
polynudeotide by means of a first linker arm, and the second intercalating molecular entity Is attached to a second 
nudeotide by means of a second linker amn. The first and said second nudeotides are separated by a number of 
nudeotides suffident for the provision of target specificity to the polynudeotide. The Intercalating molecular 
entities Induce upon hybridization of ttie polynudeotide probe to the target polynudeotide, a change in a property 
either in the polynudeotide probe, in the target polynudeotide, or in both. The contacting step also indudes the 
addition of (li) a background-redudng reagent which chemically modifies the intercalating molecular entities y^en 
the probe attached ttiereto is single-stranded. The method further comprises b) fomiing a hybrid comprising the 
polynudeotide probe and the target polynudeotide; and c) detecting the presence of the target polynudeotide by 
means of the property change. Further embodiments of the components and elements used in the aforementioned 
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method are described eailier in this application, or are described in EPnA-231 495. 

[0030] The method described In this invention can be employed in both heterogeneous (two phase or two step) 
assays and homogeneous (one phase or one step) assays, in the case of the former, a solution of the polynucleotide 
probe bound with the intercalating molecule is added onto a solid support to which the sample or target 
polynucleotide has been attached. Following hybridization between the probe and target the support is washed to 
further remove any unhybridized probe, and thereafter, the background redudng reagent is added to "idir 
fluorescence from the non-hybridized probe. This can be followed by further washing, if desired, or washing can be 
eliminated altogether. In any case, In the two phase reaction system, following hybridization between target and 
probe, the excess probe with the intercalating (but not intercalated) molecule bound thereto is inactivated 
(quenched) by the addition of the background-reducing reagent After washing, signal intensity, or some other 
property change Is detennined, which indicates the presence of target Alternatively, the polynucleotide probe with 
the attached intercalating molecule can be fixed to a solid support, and a solution containing the target 
polynucleotide can be added to the support to effectuate hybridization between the target and probe. The background- 
reducing reagent can then be added to the support shortly after hybridization between the probe and any target 
contained in the sample. 

[0031] It has been found that when an intercalating molecule, such as ethidium bromide, is attached to a single- 
stranded polynudeottde probe, there is a significant enhancement in signal generation, measured convenlentiy as 
fluorescence, over the free ethidium unbound in sotutran after a bad^round-redudng reagent is added to the 
reaction solution. Moreover, It has been found that when the ethidium is bound and intercalated into double-stranded 
DMA, there is a further significarit enhancement of signal, using a background-reducing reagent in accordance with 
this invention. Taking these two observations together, it is estimated that by employing a background-reducing 
reagent to chemically modify an Intercalating molecule attached to a single-stranded polynucleotide probe, the 
decrease in Interfering signal from non-specific material, e.g., unhybridized singte^anded probes, can be as high 
88 10,000 over the conventional assay. 

[P03^ The present invention provides a composition comprising a single-stranded poiynudeoude probe having at 
least one moiety with the stmcture 



wherein B represents a base, selected from the group consisting of pyrimldnes. purines and deazapurines. provided 
that whenever B comprises a pyrimidine, the sugar in the base is attached to the N ^position of the pyrimidine. and 
whenever B is a purine or a deazapurine. the sugar is attached to the N^^Kposition of the purine or deazapurine. 
Furthennore, in the above composition, IM represents an Intercalating molecule. LA represents a linker arm 
comprising at least three carbon atoms and is attached covalentiy or non-covalentiy to the Intercalating molecule, 
and S represents a background reducing reagent which modifies the intercalating molecule when the probe attached 
thereto is single-stranded. All of these moieties in the above composition have been described hereinabove. 
[0033] The present invention further provides a nucleic add hybridization kit for detecting the presence of a 
target polynudeotide In a sample. The kit comprises in one or more contalnere or in packaged combination the 
following: (1) a single-stranded polynudeotide probe which is hyforidizade to the target polynudeotide. The probe 
comprises a polynudeotide and at least one intercalating mdecule attached to a nudeotide of the polynudeotide by 
means of a linker . arm. The intercalating molecule induces a change in a property in either the probe, the target 
polynudeotide or both; and (2) a background-redudng reagent which modifies the intercalating molecule when 
the probe attached thereto is single-stranded. Optionally induded in this kit is (3) an Inactivator which renders 
the background-redudng reagent Inactive. The components and elements of this kit have been described 
hereinabove. 

[0034] The examples which foDow are set forth to lltustrate various aspects of the present invention but are 
not intended to Omit in any way its scope as more particularly set forth in the daims. 

EXAMPLE 1: Comparison of emission between slngle^nded DI^A bound with ethidium bromide and an 
Intercalated DNAmi^ hybrid. 

lOOSq in this example, a comparison was made in temns of fluorescence emission between slngle^tranded DMA 
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containing intercalated molecules and a double-stranded DNA/RNA hybrid. A standard DMA solution was formulated 
(10 OD/260 nm) which contained 30 mer thymidine In which every fourth nucleotide was labeled with ethidium bromide. 
20 ul from the solution was removed and combined with 0.1 molar sodium acetate buffer at pH 7.0. 5 ul of 0.1 moiar 
diazonium salt prepared by conventional methodology. The diazonium salt was prepared from 4-nitroaniIine (Aldrich 
Chemicals. Milwaukee. Wl) which was reduced to the corresponding amine, and subsequently diazotized with nitrous 
add In 50% (aqueous) OMSO. The reaction was allowed to proceed for five minutes after which time fluorescence was 
measured under an ultraviolet lamp using a UV lamp from UVP. Inc., San Gabriel. CA 91778. Alternatively, 
fluorescence could be measured with a fluorimeter, e.g., Perkin-Elmer, South Plainfield, NJ, if equipped with the 
proper UV lamp. Fluorescence in the reaction mixture was observed to disappear during the five minute waiting 
period. 

[0036] 20 ul from the same standard DNA solution was taken, placed in 0.1 molar sodium acetate buffer (pH 7.0) 
and combined with an equivalent molar amount of polyribonudeic (polyA) add. 5 ul of the 0.1 molar diazonium salt 
used in the first part of this example was then added to the reaction mixture. Reaction was allowed to proceed for 
five minutes after which time fluorescence vt^s observed to persist in the reaction mixture. 

[0037] The results of this example demonstrate that intercalation of ethidium bromide into a double^anded 
nudeic add prevents chemical modification by the diazonium salt The protection of the intercalating molecule by 
the doublfretranded nucleic acid is evidenced by the persistence of fluorescence In the reaction mixture containing 
the diazonium salt and the double-stranded DNA/RNA hybrid where the ethidium bromide of the DNA strand 
intercalates Into the double helix. Another dass of compounds which intercalates into double-stranded helices are 
the acridines. Acridine orange was used in this next example to investigate the behavtor of this particular aromatic 
dye against the reaction with a background-redudng reagent 

EXAMPLE 2: Comparison between double-stranded DNA Intercalated with acridine orange and unbound 
acridine orange (free In solution). 

[0038] In this example, acridine orange was employed as an intercalating molecule to illustrate the differences 
between the unbound intercalating molecule (free in solution) and douUe-stranded DNA which is Intercalated with the 
molecule. 

[0039] 0.1 mg per ml of calf thymus double«tranded DNA was combined with traces of acridine orange (In sodium 
acetate buffer. pH 7.0). The acridine orange was obtained from Fisher Chemicals, Falriawn. New Jersey. After the 
addition of the acridine, an intensive yellow fluorescence appeared in the reaction mixture. 

[0040] As a control, a tube was set up without the aforementioned DNA using traces of acridine orange in sodium 
acetate buffer, pH 7.0. To the buffered solution was added 5 ul of 0.1 molar of the diazonium sal^ p- 
nitrobenzenedlazonium chloride, which was prepared by redudng 4-nitroanillne (Aldrich Chemicals, Milwaukee, Wl) to 
an amine and subsequent diazotization with nitrous add in aqueous 50% DMSO. 

[0O41] Reaction was allowed to proceed for five minutes and fluorescence was obsen^ed in the reaction solution. 
After the addition of the (fiazonKim salt, the fluorescence control disappeared, in contrast to the DNA containing 
solution where the fluorescence persisted. These observations indicate that as an intercalating molecule, acridine 
orange is protected by the double-stranded DNA. and hints to the wide application of diazonium salts with 
fluorescent intercalators. 

Claims 

1. A method for detecting the presence of a target poiynudeotide in a sample comprising the steps at 

(a) contacting said sample under hybridizing conditions with (I) a single-stranded poiynudeotide probe 
capable of hybridizing to said target poiynudeotide, sakl probe comprising a poiynudeotide and at least 
one intercalating molecule attached to a nudeotide of said poiynudeotide by means of a linker arm, wherein 
upon hybridization of said probe to said target said intercalating molecule induces a detectable change in a 
property in either said probe, said target poiynudeotide or both, and (ii) a background-redudng reagent 
which chemically modifies said intercalating molecule when the probe attached thereto is single-stranded In 
such a way that any interfering signal from the unhybridized single stranded DNA probe is minimized or 
substantially eliminated; and 

(b) detecting said property change, thereby detecting said target poiynudeotide. 



Z The method of daim 1 wherein sakl target poiynudeotide is in doubl&«tranded Ibrm and said method further 
comprises the step of rendering said target poiynudeotide In substantially single^nded form prior to said 
contacting step. 

3. The method of daim 1 or 2 further comprising the step of adding an Inactivator which renders said background- 
redudng reagent Inactive prior to detecting the signal. 

4. The method of daim 3 wherein said inactivator is selected from the group consisting of an allphaSc primary 
amine, a phenol and an aromatic amine, or a combination of any of the foregoing. 
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5. The method according to any one of claims 1 to 4 wherein said property change is selected from the group 
consisting of radiation emission, interaction of molecular dispersion forces, buoyant density, melting 
temperature and helical length, or a combination of any of the foregoing. 

6. The method according to any one of claims 1 to 4 wherein said property change comprises a detectable signal. 

7. The method according to any one of claims 1 to 6 wherein said intercalating molecule comprises an aromatic dye. 

8. The method according to any one of claims 1 to 7 wherein said linker arm is attached to a base moiety of said 
polynucleotide probe. 

9. The method of daim 6 wherein said base is selected from the group consisting of purines, pyrimidines and 
deazapurine. or a combination of any of the foregoing. 

10. The method of daim 8 or 9 wherein said Onlcer arm comprises at least 3 cartx)n atoms. 

11. The method according to any one of daims 8 to 10 wherein said linker arm Is attached to the base moiety In one 
fragment 

12. The method according to any one of claims 8 to 11 wherein said linker arm is synthesized by first attaching a 
first fragment to the base moiety and then attaching a second fragment to the first fragment 

13. The method according to any one of daims 1 to 12 wherein saM background-redudng reagent comprises a 
diazonium salt 

14. A method for detecting the presence of a target polynudeotkie in a sample comprising the steps of: 

a) contacting said target polynudeotide with (r) a single^tranded polynudeotide probe, said 
polynudeotide probe comprising a polynudeotide and at least a first intercalating molecular entHy and a 
second intercalating molecular entity, wherein said first intercalating molecular entity is attached to a 
first nudeotide of said polynudeotide by means of a first Qnker arm, and said second intercalating 
molecular entity is attached to a second nudeotide by means of a second Dnker arm, said first and said 
second nudeotkjes being separated by a number of nudeotides suffident for the provision of target 
spedfidty to said polynudeotkie. said intercalating molecular entities indudng upon hybridization of 
said polynudeotide probe to said target polynudeotide. a detectable change in a property either in the 
polynudeotide probe, in the target polynudeotide, or in both; and (ii) a background-redudng reagent which 
chemically modifies said intercalating molecular entities when the probe attached thereto is single-stranded 
In such a way that any Interfering signal from the unhybridized single stranded DNA probe Is minimized or 
substantially eliminated; 

b) fomiing a hybrid comprising said polynudeotkie probe and said target polynudeotide; and 

c) detecting the presence of said target polynudeotide by means of said property change. 

15. A composition comprising a 8lnglfr«tranded polynudeotide probe having at least one moiety with the stmcture 

O 

II 
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OH 



wherein B represents a t>ase selected from the group consisting of pyrimidines, purines and deazapurines, provided 
that whenever B comprises a pyrimidine, the sugar in said base is attached to the N^d-position of the pyrimidine, 
and whenever B is a purine or a deazapurine. the sugar is attached to the N^d-position of the purine or 
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deazapurine, wherein IM represents an Intercalating molecule which upon hybridization of the probe to its target 
induces a detectable change in a property in either said probe, said target or both, LA represents a linker arm 
comprising at least three cart>on atoms and is attached covalently or non-covalentfy to said intercalating 
molecule, and S represents a background-reducing reagent which modifies said intercalating molecule when the 
probe attached thereto is single-stranded in such a way that any Interfering signal from the unhybridized single 
^ stranded DNA probe Is minimized or substantially eliminated. 

16. The composition of dalm 15 wherein said intercalating molecule comprises an aromatic dye. 

17. The composition of daim 1 5 or 1 6 wherein said background-reducing reagent comprises a diazonlum salt 

18. A nucleic acM hybridization kit fbr detecting the presence of a target polynudeottde In a sample, said kit 
comprising In one or more conttiners: 

(1) a single-stranded polynucleotide probe which Is hybridlzable to said target polynucleotide, said probe 
comprising a polynucleotide and at least one intercalating molecule attached to a nucleotide of said 

15 polynucleotide by means of a linker arm, wherein said intercalating molecule induces a change in a property 

In either said probe, said target polynucleotide or both; 

(2) a background-reducing reagent which modifies said intercalating molecule when the probe attached thereto 
is single-stranded In such a way that any interfering signal from the unhybridized single stranded DNA probe 
Is minimized or substantially eliminated; optionally with 

20 

(3) an inactivator which renders the background-reducing reagent inactive. 



2^ Patentansprtiche 

1. Verfahren zunri Nachweis des Voriiegens eines Ziel-Polynucteotids In elner Probe, umfassend die Schritte: 

(a) lnkontakU9ringen der Probe unter Hybridisieaingsbedlngungen mit (i) einer einzelstrang^n 
Pdynudeotidsonde, die zur Hybridisierung mit dem Ziel-Polynucleotid geeignet ist, wobd die Sonde ein 
Polynudeotid und mindestens ein interiolierendes MolekQl umfaQt, das mitteis eines Linkerarms an ein 

30 Nudeotid des PoiynQdeotids gebunden ist. wobei nach l-Iybridislerung der Sonde an das Ziel das 

intericafierende MolekQl eine nachweisbare VerSnderung der Eigenschaften In der Sonde, dem Ziel- 
Polynudeotid Oder In belden henrarrufl. und (ii) dn den Hintergrund reduzierendes Reagens, das das 
InterkaGerende MolekQl chemisch modifiziert, wenn die daran gebundene Sonde dnzdstrdngig ist, indem jedes 
Interferierende Signal von der nteht-hybricBsierten dnzdstrangfgen DNA^nde minimiert Oder im 
wesentiichen diminiert wird; und 

35 

(b) Nachweis der Verdnderung der Qgenschaft und dadurch Nachweis des Ziel-Polynudeofids. 



2. Verfahren nach Anspruch 1, wobei das Ziel-Polynudeotid in doppelstrdngiger Form voriiegt und das Verfahren 
^ femer den Schritt der Umwandlung des Zid-Polynudeotids In dne im wesentiichen dnzdstrflngige Form, vor dem 
^ Schritt des Inkontaktbringens, umfeQL 

3. Verfahren nach Anspruch 1 oder 2 femer umfassend den Schritt der Hinzugabe dnes Inakfivators, der zur 
Inaktivterung des den Hintergrund reduzlerenden Reagens fQhrt vor Nachweis des Signals. 

45 4. Verfahren nach Anspruch 3, wobd der Inaktivator gewahit ist aus der Gruppe, die aus dnem primdrem 
aliphatischem Amin, dnem Phenol und dnem aromatischem Amin oder dner Kombination jeder der vorher 
genannten besteht 

5. Verfahren nach dnem der AnsprQche 1 bis 4. wobei die Verdnderung der Eigenschaft gewahit ist aus der Gruppe, 
die aus Strahlungsemission, Interaktion von molekularen Dispersionskraften, Schwebe(£chte, Schmdztemperatur 

50 und helikaler Lfinge, Oder dner Kombination jeder der vorher genannten besteht 

6. Verfahren nach dnem der AnsprQche 1 bis 4, wobd die Eigenschaftsverflnderung dn nachweisbares Signal 
umfaQt 

7. Verfahren nach dnem der AnsprQche 1 bis 6. wobd das Intericallerende MolekQl dnen aromatischen Farii)stofr 
S5 umfaQt 

& Verfahren nach dnem der AnsprQche 1 bis 7. wobd der Unkerami an dne Basendnhdt der Pdynudeotidsonde 
gebunden Ist 
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9. Verfahren nach Anspaich 8, wobei die Base gewahit ist aus der Gruppe, die aus Purinen. Pyrimidinen, Deazapurin. 
Oder einer Kombinatlon Jeder der vorher genannten besteht 

10. Verfahren nach Anspruch 8 oder 9. wobei der Linkerarm mindestens drei Kohlenstoffatome umfaQt 

11. Verfahren nach einem der AnsprQche B bis 10, wobei der Unlcerarm an die Baseneinheit in einem Fragment 
gebunden isL 

12. Verfahren nach einem der AnsprQche 8 bis 11, wobei der Unkerarm synthetisiert wird, Indem zuerst ein erstes 
Fragment an die Baseneinheit gebunden wird und dann ein zweltes Fragment an das erste Fragment gebunden 
wird. 

13. Verfahren nach einem der AnsprQche 1 bis 12, wobei das den Hintergrund reduzierende Reagens ein 
Diazoniumsatz umfefit 

14. Verfahren zum Nachweis des Vorliegens eines Ziel-Polynucleotkjs in einer Probe, umfassend die Schritte: 

(a) Inkontaktbringen des Zief-Polynudeotids mit (i) einer einzeistrdngigen Polynudeotidsonde, wobei die 
Polynudectidsonde ein Polynudeotid und mindestens eine erste Interkaiierende moiekulare Einheit und eine 
zweite interkaiierende molekuiare Einheit umfaQt, wobei die erste interkaiierende moiekulare Einheit Qber 
einen ersten Unkerarm an ein erstes Nudeotid des Polynudeotids gebunden ist und die zweite 
interkaiierende moiekulare Einheit Qber einen zweiten Linkerann an ein zweites Nudeotid gebunden ist, wobei 
das erste und zweite Nudeotid durch eine Reihe von Nudeotiden getrennt sind, die ausrelchend fQr die 
Gewdhrlelstung von Zielspezifitat an das Polynudeotid 1st, wobei die Interkatierenden mdekularen Bnhelten 
nach l-lybridislerung der Polynudeotidsonde an das Ziei-Polynudeotid eine nachweisbare Verandemng in einer 
Eigenschaft in der Polynudeotidsonde, in dem Zld-Polynudeotid oder in beiden Induzleren. und (n) einem 
den IHintergnjnd reduzierenden Reagens, das die interkatierenden moiekularen Einhelten, wenn die daran 
bindende Sonde einzeistrdngig ist, in einer Art und Weise chemtsch modifiziert daQ jedes interferierende 
Signal von der nicht hybridisierten, einzelstrfingigen DNA-Sonde minimiert oder im wesentlichen eiiminiert wird; 

(b) Eizeugen eines Hybrids, umfassend die Polynudeotidsonde und das Ziel-Polynudeotkl; und 

(c) Nachweis des Vorliegens des Ziel-Polynucleotids mit Hitfe der Eigenschaflsveranderung. 



15. Zusammensetzung. umfassend eine einzelstrflngige Polynudeotidsonde. die mindestens eine Einheit mit der 
folgenden Struktur besitzt, 

O 

II 

I • 

OH 



I 

wobei B eine Base 1st, ausgewahit aus der Gruppe bestehend aus Pyrimidinen, Purinen und Deazapurin 
reprasentiert, mit der MaHgabe, daB wenn immer B ein Pyrimidin umfadt, der Zucker in der Base an 
die N^a-Positton des Pyrimidins gebunden ist, und wenn immer B ein Purin oder Deazapurin ist, der Zucker an die N 
"a 'Position des Purins oder Deazapurins gebunden ist, wobei IM ein interkalierendes MolekQI reprasentiert, das nach 
Hybridisierung der Sonde an ihr Ziel eIne nachweisbare Verdndeaing der Bgenschaflen in entweder der Sonde, 
dem Ziel oder in beiden Induziert, LA einen Unkerarm reprasentiert der mindestens drei Kohlenstoffatome umfaSt 
und kovalent oder nicht-kovaient an das Interkaiierende MolekQI gebunden ist, und S ein den Hintergrund 
reduzierendes Reagens reprasentiert, das das Intericalierende MdekQi, wenn die daran bindende Sonde 
einzeistrangig ist, in einer Art und Weise modifiziert. daft Jedes interferierende Signal von der nicht- 
hybridisierten, einzelstrangtgen DNA-Probe minimiert oder im wesentlichen eiiminiert wird. 

16. Zusammensetzung nach Anspruch 1 5, wobei das Interkaiierende MolekQI einen aromatischen FarbstofT umfaat 
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17. Zusammensetzung nach Anspruch 15 Oder 16, wobei das den Hintergrund reduzierende Reagens ein 
Diazonlumsalz umfaat 

18. Nucfeinsdur&-Hyforidisierungs-Krt zum Nachweis des Voifiegens eines Ziel-Polynucieotids in einer Probe, wobei 
^ der Kit ein Oder mehrere Behdftnisse umfalit 

(1) eine einzelstrdngige Polynudeotldsonde, die hybridisierbar an das Ziel-Potynucleotid ist, wobei die 
Sonde ein Potynudeotid und mindestens ein Interkalierendes MolekQ) umfa&t, das mittels eines Unkeranns an 
ein Nudeotid des Polynudeotids gebunden 1st, wobei das interkalierende MclekQt eine 
Eigenschaftsverdnderung in entweder der Sonde, dem Ziel-Poiynudeotid Oder in beiden induziert; 

(2) ein den Hintergrund reduzierendes Reagens, das das interkaiierende ly^olekOI. wenn die daran gebundene 
Sonde einzelstrangig ist, in einer Art und Weise modifiziert da& jedes intetferierende Signai von der nicht- 
hybricSsierten einzelstrdngigen DISJA-Sonde minimiert Oder im wesentUchen eliminiert wird; gegebenenfalls mit 

15 (3) einem inaktivator. der zur inakOvierung des den Hintergmnd reduzierenden Reagens fQhrt 
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20 1- Proc6d6 pour d6tecter la presence d'un poiynuddotide dble dans un tehantillon, qui comprend les dtapes 

(a) de mise en contact dudit ^chantillon dans ies conditions d'une hybridation (i) avec une sonde 
polynudtotidique simple brin capable de s'hybrider audit polynuddotide dble, ladite sonde comprenant un 
pohfnudtotide et au moins une moitoule d'intercalation fix6e d un nudtetide dudit poiynudtotide au moyen 
d'un bras de liaison, ladrte moldcule dlntercalation provoquant, aprds hybridation de ladite sonde a ladite 

25 cible, un changement d^ectabie d'une propri6t6 de ladite sonde, dudit polynud^otide dbte, ou des deux, et 

(ii) avec un r^actif r^ucteur de fond, qui modifie chimiquement ladite molecule d'intercalation quand la 
sonde qui y est fix^e est rendue simple brin de tefle sorts que tout signal interf^rant provenant de ia 
sonde d ADN simple brin non-hybrid6e soit minimls6 ou pour anst dire 6limin6 ; et 

(b) de detection dudit changement de propri6t6, de fe^on d ddtecter iedit polynudtotide dbie. 

30 

2. ProcM6 selon ia revendication 1, dans lequel Iedit polynuddotide dble se presents sous forme double brin, et 
Iedit proc^d comprend en outre rdtape consistant d donner audit polynuddotide dble une forme essentieOement 
simple brin avant ladite ^pe de mise en contact 

3. Proc6d6 selon la revendication 1 ou 2, qui comprend en outre rstape d'addition d'un inactivateur. qui rend 
inadif Iedit agent r6dudeur de fond avant ta detection du signai. 

4. Proc6dd selon la revendtoation 3, dans lequel iedit inactivateur est choisi dans rensembie comprenant une amine 
primaire aiiphaUque^ un ph6nol et une amine aromatique. ou une combinaison d'un ou piusieurs quetconques de 
ces demiers. 

& Proc6d6 selon Tune quelconque des revendications 1 d 4. dans lequel iedit changement de propri6t6 est choisi 
dans rensembie comprenant remission d'un rayonnement Tinteraction des forces de dispersion moidculaire, 
r^uilibre de s^meritation dans un gradient de density, la temperature de fUston et la longueur de rh^ce, ou 
une combinaison d'un ou piusieurs quelconque de ces demiers. 

6. Proc^e selon Tune quelconque des revendteations 1 d 4. dans lequel Iedit changement de propri6t6 comprend un 
signai ddtectabie. 

7. Proc6d6 sdon Tune quetoonque des revendications 1 d 6. dans lequei ladite molteule dlntercaiation comprend un 
colorant aromatique. 

a Pn)c6dd selon Tune quelconque des revendications 1 d 7. dans lequel iedit brin de liaison est fix6 d une 
portion de base de ladite sonde polynuddotidique. 

9. Procddd selon ia revendication 8. dans lequel ladite base est choisie dans rensembie comprenant ies purines, 
les pyrimidines et les d^sazapurines, ou une combinaison d*une ou piusieurs quelconque de ces demi^res. 

10. Precede selon la revendication 8 ou 9, dans lequel Iedit bras de liaison comprend au moins 3 atomes de carbone. 

11. ProcMd selon fune quelconque des revendicattons 8 d 10, dans lequel Iedit bras de liaison est fix6 d la 



porfion de base d'un fragment 
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12. ProcMd selon I'une quelconque des revendications 8 d 11, dans leque! (edit bras de liaison est synth^tisS 
d'abord par fixation d'un premier fragment d la portion de base, puis par fixation d'un deuxi^me fragment au 

^ premier fragment 

13. Procddd selon Tune quelconque des revendications 1 d 12, dans lequel ledit r^adif rMucteur de fond comprend 
un sel de dtazonium. 

14. Proc6d6 pour d^tecter la presence d'un polynuddotide ctUe dans un tehantmon, qui comprend les dtapes 

a) de mise en contact dudit polynuddotide clble (i) avec une sonde polynud^otidtque simple brin, ladlte 
sonde polynudtotidlque comprenant un polynud^tide et au moins une premiere entity mol^culaire 
dlntercalation et une deuxi^me entity molteulaire d'intercalatlon, ladite premiere entity moldculaire 
d'intercalation 6tant fix^e d un premier potynud^otide dudit polynud^otide au moyen d'un premier bras de 
liaison, et ladlte deuxidme entity mol^culaire dlntercalation 6tant fix6e d un deuxidme nud^tide au moyen 

iS d'un deuxi^me bras de liaison, ledtt premier et ledit deuxi^me nucleotides 6tant sdparfe par un nombre de 

nudtotides sufRsant pour confSrer audit potynudtotide une spddficttd de dble, tesdrtes entitSs 
mol^culaires d'intercalation provoquant aprte hybridation de ladite sonde poiynudtotidique audit 
polynud^otide dble, un changement detectable d'une propriety dans la sonde polynucieotidique, dans le 
polynud6otide dble. ou dans les deux, et (ii) avec un rdactif rdducteur de fond, qui modifie chimiquement 
lesdites entitds motecutaires dlntercalation quand la sonde qui y est lixde est rendue simple brin, de 

20 telle sorte que tout signal InterfSrant provenant de la sonde d ADN simple brin non-hybridee soit minimise 

ou pour ainsi dire ^limine ; 

b) de formation d'un hybride comprenant ladite sonde potynudeotidique et ledit polynudtotide dble ; et 

c) de detection de la presence dudit polynudeotide dble au moyen dudit changement de propriety. 



25 



30 



40 



50 



55 



15. Composition comprenant une sonde potynudtotidique simple brin ayant au moins une portion prteentant la 
stmcture: 



-o— p-o - 

I • 
OH 




laquelie B repr^sente une base choisie dans rensemt)le comprenant les pyrimidines, les purines et les 
desazapurines, du moment que, quand B comprend une pyrimidlne. le sucre de ladite base est fixe d la position 
N^e de la pyrimidine. ek, quand B est une purine ou une desazapurine. le sucre est fixe d la position N^e de la 
purine ou de la desazapurine. oCi IM represents une molecule d'intercalation qui. aprds hybridation de la sonde e 
sa dble, provoque un changement detectable d'une propriete dans ladlte sonde, dans ladite dble ou dans les deux, 
LA represente un bras de liaison comprenant au moins trois atomes de carbone et est fixe d'une maniere covalente 
ou non^valente e ladite molecule d'intercalation. et S represente un reactif reducteur de fond; qui modifie 
ladite molecule d'intercalation quand la sonde qui y est fixes est rendue simple brin, de telle sorte que tout 
signal interferant provenant de la sonde d ADN simple brin non-hybridee soit minimise ou pour ainsI dire eilmine. 

16. Composition selon la revendicalion 15, dans lequel ladite molecule dlntercalation comprend un colorant 
aromatique. 

17. Composition selon la revendicatlon 15 ou 16. dans lequel ledit readif reducteur de fond comprend un sel de 
diazonium. 

16. Trousse d'hybridation d'addes nudeiques pour detector la presence d'un polynudeotide dble dans un 
echantillon, ladite trousse comprenant, un ou plusleurs redpients : 



I 
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(1) une sonde polynuclSotidique simple brin qui est hybndable audit polynudtotide dble, ladite sonde 
comprenant un polynudtotide et au moins une moldcule d'intercalation fix^e d un nudtotide dudit 
poiynudtetide au moyen d'un bras de fiaison, oCi ladite mol^ule dlntercalation provoque un changement 
d*une propridtd dans tadite sonde, dans ledtt polynudtetide dble, ou dans les deux ; 

(2) un rdactif r^ducteur de fond, qui modifie ladite motteule d'intercalation quand la sonde qui y est fixde 
est rendue simple brin de telle mani^re que tout signal Interf^rant provenant de ta sonde d ADN simple brin 
non-)iybrid6e soit minimis^ ou pour ainsi dire Simind ; ^entuellement avec 

(3) un inactivateur, qui rend Inadif le rdactif rdducteur de fond. 
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